
Slllt-l)All,Y  ltAJtrJ’ll  R()’J’A’J’l()N  1)[11{1 N{; ltl”o(:ll  ‘9?

AI IS’1’J<AC’I’.  ]h Ill lotalion data wale o[,tdimd  will] (il’S dui in:, tllc 1 Ljmc]l ‘W calrl}mip,tl  itl tlm SUIIIIMV of’
1992, Atmu[  10 days of’ data WCIC ncquit c(l flotli 25 p,lolm]ly distt il,u[cd st~ltiol)s aIId a cotlstcllatio])  of I‘/
(il’S satellites, ‘1’lwse  dal:t wctc lH(rcsscxl to cslitlm(c (1’1’1  cot ICc[iorls cvcty 30-t llinll(cs,  tllctl stnootlml to
fotlll a Llrl’l sclics willt 3-trout slmcitlp.  liallll  otic]]latioll” dala dlltitl~, liImcl I ’92 war also ol)lail]cd  by scv-
ctiil V] ,111 ~,louj)s,  and wclc ])tocesscd  topctllcl to yicl(l V] ,111 Cstilllalcs  of 11’1’1  \vitt) 3-tmui  til[m lcsolu -
lioll. ‘1’l)c IIi:,ll f]cqucvlq  bcllaviol of kill (il’S aild \)] .1{1 d;lta sets is sill} ilat, altlmug,li dtifls l>clw’cell ttlc
two Sclic.s of -().1 ]IIS  ovcl ?-5 d a y s  atc cvi(lcot, ‘1’i(lally illduccd ~J’1’l viltia(iotls floln Imtt) tlicoictic:tl
(KC.:111  IIl(dc.ls  and C.ll)])ilic.al (Ictcltllill:ltiol)s Wclc’ c(IIIIjmlcd  willl ttlc (il’S and VI  ,}{1 sclics. lktilllalcs  of
alll KM Jdlctic all~, ulal lIIolllcl Ilul II (AAN4)  al 6 lmu] ilitrl vdls ~,clIclatc(l by sc\’clfIl lllctco](llc)~,ir:ll cctltcjs
wctc. also col I)]mIcd will) Ilm y,rodclic data ‘1’lwsc col))]mtisotis  i}]dicatc Il)al II IOSl of’ llIc (il’S si~,ll:ll ill tile
diutlial and sctllidiuttla] bal~ds cat) I)c :Ilttil)lltcd  to Iid;ll J)l~wcsscs,  :llld tllal l]’]’]  v[llialio]ls ovcl a fcw da~s
;(IC Illostly  :[lllmld)clic  it) oti~,ill.

1.1111 rodudion

Vali:itio]ls  iii tlic r~itc of Iot:ilioil  of tlic solid l12iIllI  Ii’sLilt  lmtli fioiil  toIqiics :il)plicxl  to tlic ll:irlli
floill  llIc. cxtctioi  or il)tciioi  :iii(i  fioll”i m:iss  lt’{lisllill~itic)lis  witliili  tlic lkitli. lioi liig,li-ficcltlcllc~~
11:11111 rot:ilion  wri:it ions,  dcfiiicd IICIC  [is rotaliwi  r:itc  cl IaIIf,cs OCCUI  I ii]~, over tiim sc:ilcs  of a
week or less, tllc.  J)rincip;il  folccs oti tlie solid 1 lii [Ii :iic. tlio[ip,lil  to coIiw fi oiil tlic :it Ii Ios])licic [III(I
occails. Ii] p:iilicwl:ii,  tid:il forcin:,  of tl)c  (m:iiIs is cxj~cctcd  [0 domilm(c  [tic  rot:itiol}fil  v:ii ia[ions
fit }mriods of OIK d:iy aiid lC. SS.

A  v:iiic.ly  of Icc-li!liqiics  liti\/c  Iiistolic:i!ly  lwc.11  IIscd to l~}oliitol  IIIC. Io[:i{ioil  of tlir.  li;iitlI,  bllt
oiIly owl llic p:ist few yciils lI:Is tlic ct~l);it)ili(y  fw d:iily  aid c\IciI  silt)  -ddily imllitm il)f, of It:ii  Lti
ld~tk)ll \Vitll t[l~ lLX]lliSitC  plC.CiSiol) [) CXX)li10  ii\’iiil;ll)lt’.  [~llil C.lit ]ii~,]i-])ICCisioii  tdillk]li  CS ;IICIII(IC
vc.I y loIi~, t];isclinc  illtc.lfclc)llle.tiy  (V] .111),  s:itcllitc l:isrI raii~, ing (S1  .1<), liIIJ;ir  l:ISCI  l:ii):,ii~p,
(1,1 R), :iIid,  most  rrcctltty, Ilie (ilol):il  ]’ositioiiiilf,  Systeltl ((;1’S). V1 ,111 cstiin:ite.s  of liaIllI’s  lotfi-
limi :itif,lc (LI’J’I  lJ’1’(:)  at d:iity ii)te.1  v:ils  :iIId S1 ,1< cstii[i:ite.s  tit IOLIF,lIly  3-day illter\~als  h:ive. lKCII
lii:idc  for scvc.Iiil  yc:iis.  Ovc.I (tic. p:ist foilt ycxirs,  I~Ic.:isLiicII~cI~ts  of lJ’J’l V:II i at iolis  witti lioLiI ly CIJ
so tiim  msolillion li[ivc  k]) IIi:idc.  slmi;idically t)y bolt) V] ,111 :iIId (;1’S Iccllliiqucs  [1, 2].

11<1{,%(1994)  Ildinic{il A1OIP AIO  16.



ltI associn(ion will)  the lntcmatiwml (il)S (icodynanlics SC} vim’s (lCiS)  lmmf of cotIccl)t  Calli-
lmip,t) for tlIc sun~mc.t of 199?, aII ndditio])al  ctt}njmi~,ll  kIIOWII  [Is SliAl<(31 ’92 (SIudy of ll2tItlI-
AImosjdIcIc  R:ll]kl  CII:tI~F,cs) was lIckl (O Ilmili[w lli@f(cqmvq  IIwIII oriclllatimt  vari:llioms  u[i-
li7.in~, all spacx ~,codctic Iccllniqucs  aIKl 10 advoca(c  for an(i fitcilita(c  IIIC collccliotl  of tlm twst
availab]c  Iclalcd  gyxqhysicxl dala I 3 ]. 1 hla ft 0111 a \wrict  y of CC)IIII)lCIIICII(aI}~  tcchtliqucx lwovid  -
ing a f,ood Icvcl of rc.dundnl Ic.y wmc :Icquinxl,  ill lmr(icular,  CiUI illp, tlIe intensive. t\vo  wcc.k period
known as lipoch  ’92. III this  pnpcr, wc plcscl][  (il’S c.s[itmlcs of sllbdaily  vatiatiwls in 11’1’1 (iul-
in~. 1 lpoch ‘9? and compare Ihcsc ICXII1[S  with a II UIIdm of (hex ohm rcl:itd d:Ita  sets, ‘1’llis  intcr-
cwnpnrism  slIould plovidc a rdIusl  Cslilnalc.  of 1 i:idlI’s  11 uc Iotat  io]]al  vm i;ttim)s  al ti]l)c SC:IICS as
SIIOII  as a fcw lIOUIS,  aIId slmld help 21S WCII (0 im])lovc  s(rdk~ics fw poccssiltp,  (i]% dat:i.

2. lklta S(’fs

2.1, G]’s

‘1’lIc  G1’S data poccssitl~,  stI;Itcf,y  is a vc)sioll  of that discusscxl  else.w’tlcl~. usitlp,  tlIc .II’l J
Cill'S}'/()ASIS llsc~ftw'alc[4,  S]:lilclis slll~~l~~;\li~c(  lillrl':ll)lc 1 /sc.c. :(lsc)Zllt~~l)ct  ficct:il.,  tltis\’c)l-
umc]. l)lllafloll):i  Imtwo]k of ?5 sltitiolis  usillp,  a (il’S constcll:ttion  of 1’/ satellites wm’  ;Icquitcd
ovu  molctlml IOd;iyschllin,q  thrhist  WCC+ of.luly aII(i fltst wcr.k of Au~,ust,  1992. (hvitlf,toilm
usc of al]ti-spoofin:,  (AS) sig,ml c[oyl)timl  ovcu the wc.ekctd,  tlmsc, data aIc 1101 colltit~uous  lIUI
aw divided into two p,mIps from wllicll  two multi -d; ly (il’,S  orl)it  arcs wm. mc:itcd. {k)rrcc(ions
toamminal  lJ’J’l’hcl  sc.lics(( lcli\'e.  (lft()]~~tllcl  lil<Sll~ll lctit~ll)\$'  clc()[)iait  ~c(lftc)l~~tl lc(lttt:l,\\'i[l]
11’1’1 estimate.d every 30 minulcs ;IIK1 pol;II lllotioll  c.very two IIOLIIS. L1’1’l  \\’as modrld :is a
Gauss- Mmkov (AR1) procms will] a sleady-slate sip,m  of 0.06 IIN atd a limcc onslant  of4
lIouIs. ‘1’IIIIs,  o\~cr 30 millutcx,  0.()?8 IIIS d Ill ~wcss Iloisc  was addd.

‘1’able 1, (;1’S IW’1’l  hlArJ’ION  S’J’l{A’I’IIX;  Y
ICstinmtwl  p:lr;in)dcrs

Staliol]  localiotis (8 fiducial silts) We{ z,cnill) (Iojmsptww  (I tItI(ioIII  w:  Iiii)

,Salc.llilc  slalcs (~lock biases (\vllilc-mist)
So]:il la(ii;lli{)llI~tcssllic [klicl Ijllmct)iascs
lJ”I’J (Al{]) ]’olat IImlion (wlli(c  lwisc)

Slnn(l:ll’d  II){)(1CIS
Solid 1 kull] lidcs and c.quilih iutll occal] ti(ics  fICIIII  Ymicl c1 ;11.[6]
(ilavity  fdci cocfficieltts: (;)~N4’1’.’i,  8x8 tlutic:dioti
Ntlttltiolll~lo(lcl:”  19801 AllJIIoCirl
A IN iwi aIKi fidLlcial site Iocatio]ls  l’l’l<l;91
Notllinal [1’I’1’M  fIOIII  lIRS IIutic(ill II
l<{)~,llc rccci\'cls:l 'scll(i()l:lll~,c( i-lllc`lci),[ ~ztllictl]ii:isc(l  cm)
61ninulc  (iata illlc.rval (obtaind by dccitllatioll)

Wcf,cncntd U’1’l time seric.susin~,n varic.ty  of ol[)it lllo(lc.lil~f,stt:l(c:,ics  l~umlxr~,cc.  t al.,
this vohlmc].  otlll>lt:fc.1[~1(1  s(r;ilcF,y  cInl)loycd Illulli-day od]i[ arcs wtmrcin  mtc set of sa[cllilc
states (positions aIId vclocilic.s)  \vds cxliltlatcd  fol ctIclI sate.llilc.  “1’hrcc.  slochnstic  solar radi[lticm
]);lltlj)~r.icjsf  ()lc:ic.]]s:l  tcllitc. \t'clcl]~()cl  clc(l:lsAl<l j)l()ccsscs:  ill(le.still~:ltc.clc  vclyll()lll.A  ltc.lll;t-
livccslimation  slmtcp,ic.s  yiclcl (1’1’1  sclics  thal  ciiffcr, Imt tlIc mulls  md collclusioils  dcscrild
bclowdonol  si~,llificfillltly  cll:illp,c. iftllcscotllc.l  11’1’I  sclicstll(:llsc.(1.

l/c)lcc)l~~j~:llis(  )l~w'i[lltl lcV1, l]lcl:\t:l,w'c  .c(~l~stl(lc  ic.cl:ls  l~~()()(llc.cl(il  'S[J'l'l (l:ltasctl)y:il>l~lyill~,
[i Gaussian  fikr with a half- wicltll  of almIl mw half II(NII to sInootlI  the N)-] ninutc  d:tla atd itllc[  -
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polatc tkm 10 tllc Cp(xhs of Illc VI ?111 data. Althoa#I  it cmltains  G1’S-derived U’1’l mcasure-
Immts cvcwy 3 Imts, this smoothd  cia[a SCI is  ml idcwtical  to a  lhoul (il)S solulioa, since. tlm
latlcv  c o n t a i n s  l]’]’] v a l u e s  avcr:if,d  ovcI a 3-hoIII  witdow  w’hcrcas  tlIc fol mcr is cffcctivcly
smoothed OVC.I-  a 1- 10 ?-l Ioa I wiadow.

?.?. VIJII

VI ,111 da(a war acquird  from tlIc threw IICIWOAS dcscrilml in ‘1’aldc.  2. Note tlIaI  011 ccr[:iitl  days,
11’1’1  was mcasarcd by mm thaa onc \~l ,111 nclwork,  caahlia~, aII exlimalc  of llm quality  of the
V] .1]1 data, “1’hc  correlated VI ,111 data WCIC C.onll)il]d  using, tlm h41’1’  KalII~aI~ fillcl ]JIof,rams
CA] ,(YSOI ,VK. (1’1’1, polar motion, nata(ion cormlions,  aad statim  troposplmre.  parameters
WCIC cstimaled  over 24 hour time. spaIIs,  with lJrl’l,  l)olal  motion,  aIId the. troposphere paIaI)Ic.tcrs

Inoddcxl as mtdom walks [see IIcwinp,, Iliis volamcj.
Several solutions were gcncratcd  in which 11’1’1  was cstimatrd cittm every 3(1 mina(cs  01 every

3 lIoaIs. ‘J’hc 30 nlitlutc  solations wc.rc ratllct  tloisy,  so a 3-lIoar sc.rics,  ia which 11’1’1  was csli-
matccl  cvcwy 3 hours with 0.04  m si:,ma  tcsc{s  after  a diurwil  and  scmidiuraal  a primi t ide mode.]
lMCI been applied, was used ia this stucly. A fin:il  smootkxl VI .111 solatim  was gywcrate.d
tlm 24-lmw data sets from all lIIC nc.lworks were combiacd usil)g a mild Gaassiaa filtm.

‘1’al~lc 2. VJ ,l\J IJA’J’A
NASA’s Goddard Spacr  kli~ht [lntcr (GSIW) - NASA It&l)

8 cx})crimc.ats, 5-6 sites ia N. AIIICI ica, IIawaii,  aIId liaIo]w
National Oceanic ad Almqhcric A{ll~lil]isll:lti(~ll’s  (NOAA) 1.alwratwy for {;coscimms -

4 cxpcrimcals (oat mobilr., tlIrce IRIS A), 5 sites ill N. Amclica  aa(i 1 Lawpc
llnitcs  Slates  Naval OIIscIwItoIy  (LJSNO) - NAVNlt’J’

6 cxpc.rilacats,  4-6 sites, located atouad  ~,lobc

ill which

IRls

]Ma I.(II) f[(m JLIly 26 lht(mpt]  ALIp,usI  1 ] . l;(NII ddyS tl{lVC  II Ira\[IICII~eIIlS  by bolt) NAVN1 ;’1’ and NASA
I<&l).  I’M) cxpcrilac.at can have si~,llificat)tly  (Iii’1’c]cl)l  fw 11):11  c1 I(ns.

2.3. ”1’IIJI:M[)IJ1;14S

A variety of additimml  data  scls wem USCXI ia cvalaalin~.  Ihc Cil’S aad V1 ,111 lime SCI its. “J’wo
models for tidal  ly-inducd  diurnal  and sc.ll)idiul  Ilal lJ’1’I variations wcI c. comparcxl,  ODC basccl  cm
tlworclical  occaa mockls  [’i’] aad oat. empirically dcI ivcd from maIIy yc.ats  of mcxisLIIcxl  lJ’J’ vat i-
ations  [8]. ‘J’IIc  tlmme.tical  scric.s,  refcmd  to as tlIc  Gross tick modd,  is based Cm the ocxaaic
aagular momcmtum  mdcl of Scilu  19]. “J’llis  fol mula[ion also contains cmtcc(ions to tlm s(andard
tide model [6] for Ilotl-c(jtlilil)lilltll  occ.aa  tides at forlnif,lllly  aad monthly pcricds. ‘1’k mpirical
mdcl,  rcfmcd  to as the 1 lcrrinp tide model, is bad on 8 yc.ars of VI ,111 data. It contains esti-

matm  of the dismal aad smni(iiarn:il  tidal terms oIIly. Note. that this cmpirica]  tide. scric.s  may
conlhin  adc{itional  diurnal sig,aals  other (lIaII tlmc ciuc to the ]]ol)-c(lllili[3til]t]l  occm tides, SKI} as
the ef(cds of almmphcric  tides. IMII tidal 11’1’1  series may 1X compmxl  dircxlly to geodetic U’J’1
rstilmtcs.

2.4. AAM 6 lIOLII<I. % lJA’I’A

If aIIgalaI nmmcmtam  wcwc. cxchaa~cxi  sokly  bclwc.cn the atmosphcm aad tlm solid l121r[lI,  atmo-

splmric angular moIImIItum (A AM) variations would rcsalt in collcsj~c)l]clit~p,  clMIIgcs  ia the
lcnp,th of the day (1 ,01)), tlIc time dcrivat  ivc of 11’J’I. Scvrral sets of A AM were computed e.vuy

6 houIs  as pari of tlm S1 LARCJ UJ(iS cffor( by (htcc l~lct~~c)rolop,ictil”  ccmtcrs: (hc U. S. National
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Mckorological  Cemtcr  (NM C), the 1 tuIopcan  CcIIt  I c fm Mc{li~ltl~-l<:ltl~,c  WcatlIc.J  l; OICCXNIS
(liCMWli), anti the Japmcsr h4ckwmlo~,ical  Af,cJKy (JMA). I;(w c.ach cc.nlcr,  the AAM qutiatity
that wc usc consisls of the X3 AAM w’it~(i tcrin ialcgratc.d  to the top of tlm model atmosplvm
(c.itlmr 5(1 mbar or 10 mbar, (Icpcadinp, on ccnkx) plus  the fall prc.ssurc. (not ill\’cllccl-t)alrJtllctcr)
km]. GJps in the AAM scric.s  wm filled by ]incar iatcrpolaticm.

WC. usd these d:ita  SC.lS to estimate ati~losllllclically  induced variations ill U’]’] . Siacc AAM is
a substitak  1 01), the AAN4 series must lx iiltcg,mtc(l  to hc compared to a U’1’l  scricx.  1 lowcvcr,
two arbitrary cmstants,  cffcclively [i bi:is ill 1 01) ~iml a bias in lJ’I’I,  cmtcr itlto  this  inkg,ralion.
]  ’01’ tk COlllJXIJ’iS(MIS  ShOWJl l) C]OW,  ]ilKYU’  I“llo(kh  W’C  1’CIIKWC.[1 fl’[)111 lIIC A AM and $,CdCtk []’]’1
Scl’ic.s  (0 acxmlllt  for these Cmllstallts.

?.S. SNIO()”I’l  IIH) ]<l{t’liRliN[:l:  S1{1<11!S

A rc.fcrcmcc  sc.rics,  basc,(i  on the lIII<S IIullctia  11 mminal  value.s used for (IK G1’S analysis, was
used to rcmmvc.  lcmp,-pc.rid (1’1’1  vari:itions.  Note tlmt  all the g,cdc.tic scricx  shown have. [k
sl~oltcl-l>cric)(l  (<35 day) tides exp l i c i t l y  rcmovcxl  accodin~,  to IIJC stadird  Yoclcr d al. I 61

mode], while subtracting tl.m nominal  11’1’1 R sc.rics  cffcclivc.ly  rcmm\ws  the longer pcuiod  kJms  of
[6].

3. Rcslllts

3.1. G1’s vs. VI /111

WC, have cmmparcd the G]’S-derived [1’1’1  with VI .111 estimate.s of 11’1’1  “l’Al for cad  IvNwoJk-

day of (lata.  11’1’1 was e.sti  Jnatcd  every M Jninatc.s  iJl both sc.ts of dal;i.  ‘1’ypical  fcmnal mols  of the
varims  time series arc summarized in ‘1’al)lc  3. Wc prcscni  below only rcsu]ts for (IIC sInootlIc.d
and intcrpolalcd  sets of W ,111 and GPS data. ‘1’hc.sc two data scls arc SIJOWI1 ii] l;ip,urc  1. lbr dis-
play ])111’]X)SC.S,  thC ~]r]’l Va]UCS  h:iVC bCC.1)  diffCJ’Cl)CCd W i t h  tllC 1 t {]{S ]]UllC.lil)  }] J“C.fC.J’CllCC  SC1’iC.S.

‘1’IIc  bias bclwcc.n  (i]% and  VI ,111  is aJbitrary. Note the  p,ay it] GPS data CIUC  to the usc of AS
durinp,  the. wcckaci  of August ] -2 whidl  pl’ccludcs  ttlc c(mstl”uc.tion  of a Cmntinllous  two-wc.c.k
loll~, (;1’S Iilnc smic.s, ‘1’tlc.  6-d:iy  time s])all  at tlIc.  cad  of July w’tIcJ’c data exist from boltI [cc.tl-
niquc.s  is rcfcrrc.d to below as pc.riod A, whik tlIc 4 .5-day Iimc spaIJ  in August is rcfcrrcd  to as
pcrird  11.

Althoup,h  them appears to bc :i drift l)c.twccm the two series over several days, their diurnal
variability is similar. If the two series am diffcrtmd, linear tJmds can k fIt sc.pwatcly  10 pc.rids
A :IINI 11 to quantify both IIK cirif[  aIKl ]csidllal  scatter in GI’S milltls  V] ,111.  ‘1’tmsc values am
$ivca in ‘J’able 3. Over 4106 day time spans, tlJc. G1’S shows a fairly limar  drift with rcspcd  10
V1 X], with drift rate.s of ~ 20-40” pscc/day. Aflcr rclnovinS  lhcsc drif[s, the total  I(MS scatkr of
(il)S minus V1 ,Bl (1’1’1 is O.(D3 IIN. ‘1’hc.sc drif[s arc probably a J’csLIlt  of drifl in tlIc. [;1’S lime
series cause.d by systematic c. ffccts SUCII a< orbit  mismo(lclil)g,.
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‘J’al)]c  3. S’1’A”l’J S’J’lCS

‘1’yl)ical 3(hMimitc 11’J’l l~oIuIIal lCIIWS
ilils \~l ,1)1 NAVNIIH’ NASA ll&l)
0.02-().()4 11)s 0.015 -().()-1 Ins 0.01 -().()25  n]s

GJ’S h!inus  VJ.BI
l’crid A J’cried 11 IMtirc time SJHII)

-().()1 8 IIlsklay 0.()-1 1 lllskkly
0.022 Ins 0.026 Ills 0.023 111s

G1’S Miaus ‘1’ides
G]’s lJ’1’I Oldy GJ’S miaus  IJcwing G1’S minm Grins

0.032 Ills 0.018 1))s 0.035 111s

11’1’1  Minus (AA M-t ‘J’ides)
J{MS  of diffmmcc NM(: AAM ]~~~~}$r]t  AA~’J JMA  AAM

[;1’S U’J’1 0.0? 1 111s 0.()?? Ills 0.019 Ins
VIJIH tJ’1’l 0.()?7 Ills 0.022 11)s 0.022 1))s

‘I”tm rclationsl)ip  bctwccn  G1’S and V] ,1]1 may bc i’urlhcr  explorcxl by compating power spectra
of the. CTI)S flncl VI .13111’1’1 and their diffcrcacc (I;ig. 2). l)owcr spe.c(ra  wc.rc obtaiacd separatdy
for tbc two pc.riocls  A mcl 11 (aflc.r padditlf,  wi[h mm to lhc. stimc kmg,th) and avemig,d tog,cthcr.
A 3-point spcztral  smoothing was used (coJlcsl~ol~(iil~g”  10 a bin widb of 0,375 cycles pcr cltiy).
IIolb tbc VI ,111 and GPS series show similat power in the diurnal ancl sc.midiurnal  bands, l)iffcr-
cming  the. two mnovcs the. puiks in power at both frc.que.mics, suggcsling,  that tlmrc is a true,
gcmktic  sigaal in these. binds that is accara[dy  scmcd by both tedmiqucs.  ‘1’his  sig,nal is for the
IImsl  par[ tidal in origin, as shown I3c1ow.
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Iig. 3. G1)S (11’1  coi)ipatd to t HO IIwdcls  of tidally inducd [J?’]

3.2. (;1’s vs. ‘I’l I)Iis

la Iiigurc 3, we compare the smoothed 61’S U’1’l to the two modds  of tidally -inducecl  U’]’] varia-

tions. The CiPS scri& for each pcricd (A and B) has hacl a best-fitting quacltalic subtradccl to
rcmmm kmger-pctiocl  fluctuations, thus makinp,  the residual swim easy to compare with the ticlcs.
Note that the }Ierring, empirical modd  mmc accuratdy  rcflcds  the. okrvcd  11’1’1 variability than
clocstht!  Clross,  tl~e.orctical mock].
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‘1’hcm diffcmnccs  caa agaia be clcscribcd  through the usc of power spectra. POWCI spectra
(cOllljltl[cd  asl}cfOlc)Of ltlcGl)S{J’l’l  sericsat)cl  tllc[il)S  scricstllil]tls tl]cl\vOliclc lllO[icls  arc
shown in l;ig.  4. ‘1’hc  }]crring,  moclcl re.nmvcs most  of the excess power ia the diurnal aacl setllidi  -
umal bands, wi[h a hint  of signal  rtmait]it]~  at 2 cycles pm  day (cpc]),  ‘1’k Gms mock] removes
s o m e .  power at diatmal  fre.qacacics, bIIt adds sahstantial  power at se.midiaraa]  frcqacncie.s
(cr)t)sisknt  with the large mplitaclcs  sccw  ia liig,.  3). ‘1’hcse  differences aw qaantificcl  in ‘1’able  3,

which shows the RMS scatter of the thtxx  time. serir.s whose power spc.ctra  arc plotted ia liig. 4.
‘I”hc Ilcrring  mock] appears to more acmt atcly rdlcd  tk actwil lJrl’l  variatims  at diataal  find
sc.mictiuraal  frcc]uclicics.  Reasons for this tnay include iaaccurticics  ia the theoretical  Occatl  mOd-

cls and  acklilimal  ncm-oceaaic  sigaal at these frcclae.acics.
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l“ig. 4. Power .vpcclm

3.3. GJ’S VS. AAM

‘1’he  three. series of atmmphcric  aagalar  mmncntum  (AAM) valacs cvalaatccl  every 6 hours pro-
vided by the NMC, ttlc I{C.MWI;,  :incl the JMA arc. shown in l;ig.  5. “1’hc  variations ia each scricx

over pc.riods  greater thaa  1 to 2 clays are similar, but the. higher frccytcacy fladaatioas  do ad
appear to bc cc)mmcm among the three. “]’hc. biases bctwcc.a  the. se.ricx tire  real, :ind come from dif-
fcrcaces in the meteorological mdcts of the ccatcrs.

Siam  A AM t-cpre.scnts  a form of 1,01), the. curves  ia 1+’ig. 5 mast bc numerically iatc.grated  to
generate. UT1 series whose variatims  arc implied by the AAM. ‘1’ksc  series are shows ia l;igare.
6, Also shown arc a CR (J’1’l series am] the U’1’l variations cxpcckd  from the kmgcr-pcvimt (J 4
ancl Xkiay)  Iloll-e.qllilil)rilllll  oce.atl  ticks cmcrg,ing,  from the. numerical oceatl  moclcl  [7]. 1 iach
series for each of periods A and )3 has had a best-fitliag linear bias and trcld  rctmvccl. Since the
]{CMWI/  series for pe.riocl A starts  cm JLIly  27 and thas is one, clay shorter, it has hacl a trend
removed which mini tnims the cliffcre.aces bet weca the 1 lCM WI; curve.  and tlm other two A AM
carves. “1’hc  three  iate.grated  AAM carves show simihir  behavior for pc.rid  A, wilh more. coatras[-
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ing forms  for pcriocl  B. All the AAM CUIVCS appear consistcmt  with the owmll  shape of the GI’S
U’]’] curve. 2’lIc kmgm-pcriocl  tick mrrmtioas  do Dot acid substantial signal  at these. few-(iay pcri-
O(i s .

1??.3-, 1
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, — ,
30-JuI 1 -;L1g :{.& 5-Aug 7-/hY Y./& 11-AwI

l“ig. S. Three series of a!mmpheric  aI~gLIlar IHoImwIum (A AM) valw.v.
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-0.15 —- ----- --, -- . -~ ---
26-JuI 28-JuI 30-JuI 1 -iLIQ 3-/+L1g w-kg -/-LL1g

‘1’hcsumtotal  ofthcit~tc~tated  AAM, (iiuraal  anti scmiciiurnai  ticics (from [8]) .an(i iollgcr-
pcrid ticks (from [7]) am s~lown in l(igarc 7, together with the obscrvcci  lJTl  variations from
G]% and V] .111. 1,incar tremcis were re.movcci from each series for each pcrioci.  Most of h geocic-
tic signal  can bc de.scribui by tk sum of AAM variations anti ticiaiiy  inciuce.d  U’]”], with ti~c ticics

acting at periods of one ciay and less and AAM acting at pcricds greater than a clay. ‘1’hc  ciiffcr-
emcs  bdwecn  GIN and VI .}11 are at least as large as time bctwccn  the A AM scrie.s thcmsc]vcs
anti the AAM and gcdctic  series. ‘1’bus, no center or technique stan(is  out as superior. “1’he. RMS



of the diffctmccs  between the. gcociclic  and AAM+ ticlcs smics arc shown in Tab]c 3; all are con-
sistent with the typical Cil]S ancl VI ,Bl fcmnal e.rmrs  of ().02-().03 ms.
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40 Conclusions

1 ~iffcmwe.s bet wccm the various series cot~sickrcd  here. tend to bc at the. ICVCI of ().()2 to ().()3 ms.
q’hcsc RMS cliffcrcnccs are. ccmsistcmt  with {k fmmil  unccrtaia(ics of tlm data ihemsclvcs.  ‘1’hc
main cxccpticm  is tbc the.cwctical lick mmlcl, which simply CIOCS mt yield tk signal  scc.n gcOcle.ti -
tally. l’here is alsO a drift in the G}% data relative to VI .111 which, Over time spans of 6 days Or
SO, appears tO bc Iincar but with a ncm-uniqm  drift MC..

Both G1]S and VI .131 exhibit ncar]y identical variability y in the diurnal aad scmidiamal b:inds,
attributable to tidal variations  whcm value.s arc we.]] clcrivccl  from many years of gc.odctic  VI .131
data, ‘1’here is nO residual signal  ia them frcqucmy  baads that C. XCC.CCIS  the IC.VCI Of formal cm] of
the clata, although rcsiciaal  signals with amplitudes smaller than (),()2 ms coulcl ccrlainly  bc prc-
scat. Althcmgh  the thmmc.tical  tide. mmicl  doc.s not agmc. with ci~ser\ltitioas  in c.ithcr  band, the. dis-
agrcememt  is largest in the scmicliurnal  freqacncy band.

‘1’hc  multi-day variability of AAM from all the mctcomlogical  ccatcm is similar, and yic.lds
AAM-derive.d U’1’1  curves that arc ccmsis(cmt  with the variability of the gcoclctic  U’1’l at pc.ricxis
kmgcr  than Om clay. At diurnal ancl shorkr  periods, howcvc.r, the AAM ccmtcrs  gc.ncratc iaccmsis-
tc.nt estimates. Morccwcr,  the sab-daily  variability of the AAM is quite, small ancl cannot,  at this
point, bc disentangled from oceanic tidal effects and nc)isc  in the gcmlctic  data, }Iowcvc.r, limits
can k placed cm the size of any rcsiclaal  AAM sigaal.

‘1’hus  the signal  scca in the CWS time se.rim  can be rc.pre.scntcd  by the sum of tmlr effects: tides
at diurnal and semi-diurnal pcriocls,  AAM flactaaticms  at periods of (mc to at least scvc.ral  ci:iys, a



,.
.!

linear  drift in U’]’] duc possibly to orbit  mismodcling,,  and a high-frcc]ucncy mist ccmlpcmcni. ‘1’o
accurately solve. for lJTl with Cil)S at these frcqucacics, the tidal  variations in 11’1’I  must  cmlainly
be mmklccl,  either by explicit use of the IImring, tide model, or by allowing, a(icquatc variability
in the mtimatccl  U’1’l.  AAM-inchlcccl  variations arc slow e. I~oNgh that if LJ’1’l (or 101)) is esti-
mated at least daily, this variability need not bc explicitly modeled. }iur(her research is necessary
to invc.stigate,  and rc.ducc both the drif( in L1’1’l  of -0.1 ms over 2-5 d:iys, ancl the. Icvcl of high-
frcqacncy noise present  in the data.
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